The new genus Kurtkrammeria is erected to include 13 species assigned to Encyonopsis that have (1) slit-like or crescent-shaped areolae aligned lengthwise along the apical axis, (2) striae convergent at the apices, and (3) internal proximal raphe ends hooked strongly towards the dorsal side of the valve. Some species of Kurtkrammeria also have dorsal stigmata, apical pore fields and internal anastomosing costae at both poles, and lateral papilla-like projections from intercostae into internal areola openings. Species of Kurtkrammeria are reported infrequently from fossil deposits and from recent diatom assemblages. Kurtkrammeria is a genus of remote and undeveloped regions from the Arctic to the Tropics, in both the Old World and New World. Most species are local or regional endemics and only four species -K. aequalis, K. neoamphioxys, K. recta, and K. subspicula -appear to be widely distributed. Kurtkrammeria species consistently occur in oligotrophic or dystrophic waters with very low specific conductance and circumneutral pH. An extant population of the very rare Kurtkrammeria stodderi is described from Montana, USA. Living cells of K. stodderi were observed to be motile and to have plastids similar to those of Encyonema species. Examination under SEM reveals that K. stodderi also has apical pore fields at both poles.
Introduction
The diatom classification scheme of Round et al. (1990, p. 128) placed five genera in the family Cymbellaceae: Placoneis Mereschkowsky, Cymbella Agardh, Brebissonia Grunow, Encyonema Kützing, and Gomphocymbella Müller. Since then a number of new genera have been proposed for inclusion in Cymbellaceae based largely on differences in valve shape and symmetry, areolae and raphe structure, and other features observed under the scanning electron microscope (SEM). These new genera include Afrocymbella Krammer (2003) , Cymbellopsis Krammer (1997a) , Cymbopleura Krammer (2003) , Delicata Krammer (2003) , Navicymbula Krammer (2003) , and Oricymba Jüttner et al. (2010) . In addition, to accommodate Encyonema-like taxa that are symmetric or nearly symmetric with respect to the apical axis, Krammer (1997a, p. 156) erected the genus Encyonopsis with Navicula cesatii Rabenhorst as the type species. In the ensuing Latin description, Krammer (1997a) 3. A moderately wide and scarcely eccentric raphe that becomes filiform near the central area and apices; 4. Proximal raphe ends inclined slightly towards the dorsal side; 5. Distal raphe fissures deflected towards the ventral side; and 6. Uniseriate striae composed of circular or elliptical areolae occluded by hymenes.
In Part 2 of his monograph, Krammer (1997b, p. 85) expands the diagnosis of Encyonopsis to include various forms of intermissio; areolae that are round or slitlike with their axes oriented apically or transapically; a dorsal stigma either present or absent; three distinct girdle bands; a chloroplast typical of cymbelloid genera; species that prefer oxygen-rich waters with low to moderate electrolytes; and found primarily in northern and alpine regions, but also in foothills and lowlands. For pH preferences, species span a broad range from slightly acid to alkaline.
Following this expanded diagnosis are descriptions of Encyonopsis species, including LM and some SEM images. From these descriptions there emerges two groups with fundamentally different valve structure:
1. Small to medium taxa in the E. cesatii (Rabenhorst) Krammer and E. microcephala (Grunow) Krammer complexes with circular or transapically elongate areolae, striae that are radiate or at most parallel at the apices, and internal proximal raphe ends confluent or weakly bent dorsally (e.g., fig. 146 : 1-5, Krammer 1997b); and 2. Medium to large taxa with slit-like areolae oriented apically, striae that are convergent at the apices, and internal proximal raphe ends that are widely separated and hooked strongly to the dorsal side of the valve (e.g., E. neoamphioxys Krammer, fig. 168: 11-13 and E. recta Krammer, fig 166: 13-15, Krammer 1997b) .
A stigma is always absent in group 1 and may or may not be present in species of group 2. Species in group 1 are more numerous, more widely distributed, and have broader ecological amplitudes. Species in group 2 are far less common and are seldom reported in the literature; SEM images of both internal and external structures are scarce (e.g., E. mantasoana Metzeltin & Krammer in Metzeltin & Lange-Bertalot 2002, p. 24, Figs 63: 1-10 ; E. stoermeri Lange-Bertalot & Metzeltin 2009, p. 139, Figs 16: 7, 8) .
Volunteer collectors recently provided the author with a large number of samples from standing waters in remote mountainous regions of western North America (Bahls 2014) . Many of these samples contained populations of Encyonopsis species in group 2 sufficiently large enough to enable capture of SEM imagery. In this paper I provide LM and SEM imagery for two species in group 1, including the Encyonopsis type species (E. cesatii), and for seven much less common species in group 2. Three of the seven species in group 2 were described by myself (Bahls 2013 ) and four were described by others. All but one of the seven species in group 2 (E. neoamphioxys) were described eschweizerbart_xxx 
Materials and methods
Samples were collected from small lakes (tarns), ponds, fens, and wet meadows in mountainous regions of western North America ( (APHA et al. 1992) . After several rinses in distilled water, the cleaned diatom material was mounted permanently on slides using Hyrax or Naphrax and examined under LM with differential interference contrast optics using a Leica DM LB2 research microscope and a Spot Insight Model 14.0 monochrome digital camera. Valve measurements were made from digital images using Spot Software (version 4.5).
SEM images were captured with a Hitachi S4700 Type II cold field emission SEM. Samples were filtered, air-dried and mounted on aluminum stubs, then coated with gold and palladium using a Pelco Model 3 Sputter Coater. Specific conductance and pH were measured in the field with a Hanna Instruments waterproof meter, model 98129. Slides examined for this study are deposited in the Montana Diatom Collection (MDC) in Helena and the University of Montana Herbarium in Missoula (MONTU) ( Table 1 ). The terminology of the diatom frustule follows Spaulding et al. (2010) . sem: transapical striae composed of slit-like areolae oriented with their long axes parallel to the apical axis (Fig. 39) . Striae radiate near valve center, becoming parallel, then convergent towards the apices (Figs 34, 37 ). Terminal striae composed of small round areolae at both poles (Fig. 39) . Internally, there is a tendency for costae to anastomose at both poles (Fig. 36) . Internal proximal raphe ends hooked strongly to the dorsal side at the central nodule (Fig. 35) . Distally, raphe fissures end in helictoglossae that are deflected towards the ventral margin (Fig. 36) . Internally, striae are represented by narrow alveoli between broad costae (Fig. 35) . Alveoli are composed of rows of round areolae separated by broad intercostae (Fig. 35) . Lateral papilla-like structures project from the intercostae into the internal areolae openings (Fig. 35) . Stigma absent.
Results

Morphology and taxonomy of Encyonopsis and Kurtkrammeria
Kurtkrammeria lacusglacialis (Bahls) comb. nov. type locality: Summit Lake, Waterton Lakes National Park, Alberta, Canada.
sem: Transapical striae composed of slit-like or Y-shaped areolae elongate parallel to the apical axis (Figs 48, 49) . Terminal striae at both poles composed of small round pores loosely organized into simple pore fields split by the terminal raphe fissure (Fig.  48) . Internally, there is a tendency for costae to anastomose at both poles (Fig. 47) . Internal proximal raphe ends hooked strongly to the dorsal side (Fig. 46) . Distal raphe eschweizerbart_xxx eschweizerbart_xxx fissures end in helictoglossae that are deflected towards the ventral margin (Fig. 47) . Internally, striae are represented by narrow alveoli between broad costae (Fig. 46) . Internal areolae openings are round, or oblong in the apical axis, and separated by broad intercostae (Fig. 46 ). Stigma present; external stigma opening small and round (Fig. 49) ; internal stigma opening dagger-shaped (Fig. 46 ). sem: Transapical striae composed of narrow crescent-shaped areolae oriented lengthwise with the apical axis and concave to the valve margins; striae continue onto valve mantle (Fig. 60 ). Three copulae, each with a single row of poroids (Fig. 59 ). External raphe fissure sinuous (Fig. 58) . Central pores weakly inflated and deflected slightly towards the dorsal side (Figs 58, 60) . Terminal fissures hooked towards the ventral margin (Fig. 59 ). Internal proximal raphe ends hooked strongly towards the dorsal margin (Fig. 61) . Distally, raphe fissures terminate in helictoglossae that are deflected towards the ventral margin (Fig. 62) . Internally, striae are represented by narrow alveoli between broad costae (Fig. 61 ). Alveoli covered with hymenes (hymenes eroded in Figs 61 and 62). Internal areolae openings are large and round and separated by narrow intercostae (Fig. 61 ). Stigma present; external stigma opening small and X-shaped (Fig. 60) ; internal stigma opening dagger-shaped (Fig. 61 ). lm: Cells solitary and motile with Encyonema-type plastids (Fig. 71) . Cells broadly rectangular in girdle view with striae extending onto deep mantles (Fig. 70) . Valves broadly lanceolate with rounded, unprotracted apices (Figs 63-69) . Length 50.6-72.9 µm; width 8.9-11.8 µm. Axial area wide and confluent with a slightly wider central area. Raphe lateral, becoming filiform near the proximal and distal ends. Central pores weakly inflated and deflected slightly towards the dorsal side. Terminal fissures hooked towards the ventral margin. Striae radiate, becoming parallel and then convergent near the apices. Striae 9-10 in 10 µm at valve center, 11-13 in 10 µm near the apices. Areolae about 40 in 10 µm. Stigma absent.
Kurtkrammeria stodderi
sem: Transapical striae composed of narrow slit-like areolae oriented parallel to the apical axis (Figs 74, 75 ). Both poles with pore fields composed of small round pores on both sides of the terminal raphe fissures (Fig. 75) . Internal proximal raphe ends hooked strongly to the dorsal side at the central nodule ( end in helictoglossae that are deflected towards the ventral margin (Fig. 73) . Internally, striae are represented by narrow alveoli between broad costae (Fig. 72) . Internal areolae openings are elongate parallel to the apical axis and separated by broad intercostae (Fig. 73) sem: Transapical striae composed of slit-like areolae oriented with their long axes parallel to the apical axis (Figs 88, 89 ). Striae radiate near valve center, becoming parallel, then convergent near the apices (Figs 85, 90 ). Internal proximal raphe ends hooked strongly to the dorsal side at the central nodule (Fig. 86) . Distal raphe fissures end in helictoglossae that are deflected towards the ventral margin (Fig. 87) . Internally, striae are represented by narrow alveoli between broad costae (Figs 86, 87) . Alveoli composed of rows of round areolae separated by broad intercostae (Figs 86, 87) . Lateral papilla-like structures project from the intercostae into the internal areolae openings (Fig. 87 ). Stigma present; external stigma opening small and round (Fig. 88) ; internal stigma opening dagger-shaped (Fig. 86 ).
Kurtkrammeria treinishii (Bahls) comb. nov. type locality: Nada Lake, Chelan County, Washington, USA.
sem: Transapical striae composed of slit-like or crescent-shaped areolae oriented with their long axes parallel to the apical axis or at an angle to the apical axis (Figs 101, 102) . Striae radiate near valve center, becoming parallel, then convergent near the apices (Figs 101, 102 ). Internal proximal raphe ends hooked strongly to the dorsal side at the central nodule (Fig. 100) . Distal raphe fissures end in helictoglossae that are deflected towards the ventral margin (Figs 98, 99) . Internally, striae are represented by narrow alveoli between broad costae (Figs 99, 100) . Alveoli are composed of rows of round areolae separated by broad intercostae (Fig. 99 ). Stigma present; external stigma opening small and round (Fig. 102) ; internal stigma opening dagger-shaped (Fig. 100 ).
Kurtkrammeria weilandii (Bahls) sem: Transapical striae composed of slit-like or crescent-shaped areolae oriented with their long axes parallel to the apical axis or at an angle to the apical axis (Figs 111, 112) . Striae radiate near valve center, becoming parallel, then convergent near the apices (Figs 111, 112 ). Terminal striae composed of small round areolae at both poles, creating simple pore fields split by the distal raphe fissure (Fig. 111) . Internally, striae are represented by narrow alveoli between broad costae (Figs 114, 115) . Alveoli composed of rows of round areolae separated by broad intercostae (Fig. 115) . Lateral papilla-like structures project from the intercostae into the internal areolae openings (Fig. 115) . At the poles, anastomosing costae and papillae create a convoluted pattern (Figs 114, 116) . Internal proximal raphe ends hook strongly to the dorsal side at the central nodule (Fig. 113) . Distal raphe fissures end in helictoglossae that are deflected towards the ventral margin (Fig. 116) . Stigma present; external stigma opening small and round (Fig. 112) ; internal stigma opening dagger-shaped (Fig. 113) .
The following taxa may be transferred confidently to Kurtkrammeria based on published LM and SEM images:
Kurtkrammeria amatolensis (Giffen) comb. nov. 
Distribution and ecology of Kurtkrammeria species in western North America
Six species of Kurtkrammeria have limited distributions in the study area ( Table 2) . The seventh confirmed species -K. aequalis -is widespread and locally abundant in lakes of the Cascade and Northern Rocky Mountains. All of the water bodies in the study area that support Kurtkrammeria species are small standing waters at elevations exceeding 1000 m a.s.l. They are low in inorganic nutrients (dystrophic or oligotrophic) with ice-free seasons of only three or four months. Specific conductance and pH data are available for 18 of the water bodies in Table 2 . Specific conductance in these 18 waters ranges from 5 to 150 µScm -1 with a mean value of 28 µScm -1 and a median value of 10 µScm -1
. The hydrogen ion concentration (pH) of these waters ranges from 6.00 to 7.60, with a median value of 6.50.
Most records of Kurtkrammeria from the region consist of one to a few specimens on a strewn mount. The largest population of Kurtkrammeria species in Table 2 was found in a small meltwater pond on Anderson Pass in Olympic National Park, Washington (Site 4947). Kurtkrammeria weilandii was the dominant diatom species in the sample from this site. This pond is at 1361 m a.s.l. elevation, measures about 15 m in diameter, and is less than 1 m deep. The water in this pond is essentially snowmelt and rainwater.
Discussion
There is published photographic evidence that Kurtkrammeria species occur from the Arctic to the Tropics, in both the Old World and New World, and in fossil deposits and recent diatom assemblages. Tynni (1978) reported Cymbella amphioxys from Lapland, and Lange-Bertalot and Metzeltin (1996) recorded this species from a Finnish lake just below the Arctic Circle. Mayama and Kobayasi (1990) reported Cymbella amphioxys from diatomite collected in southern Sweden. The type locality of this taxon (Encyonopsis neoamphioxys) is a lake in the Austrian Alps (Krammer 1997b) . Scotland is the type locality of Cymbella aequalis, which Tynni (1978) also reported from Finland. Both species occur in western North America (Table 2 ). In the SubAntarctic region, there are unconfirmed reports of Encyonopsis neoamphioxys from Argentina and the South Shetland Islands, and of E. aequalis from Kerguelen Island (Kellogg & Kellogg 2002) .
Elsewhere in the Old World, Kurtkrammeria species have been reported from Papua New Guinea (K. kaingensis; Vyvermann 1988 Vyvermann , 1991 , South Africa (K. amatolensis, Giffen 1966 , Metzeltin & Lange-Bertalot 2002 K. recta, Krammer 1997b) , and Madagascar (K. mantasoana; Metzeltin & Lange-Bertalot 2002) . Kurtkrammeria (Krammer 1997b , Rumrich et al. 2000 , but the other three taxa appear to be Old World endemics.
Kurtkrammeria lacusglacialis, K. treinishii, and K. weilandii appear to be endemic to western North America. A fossil deposit at Bemis Lake in the White Mountains of New Hampshire (northeastern USA) serves as the type habitat for both Encyonopsis stodderi and E. subspicula (Krammer 1997b) . Besides the three recent records of E. stodderi from western North America (Table 2) , one of them confirmed as a living population, this species has also been reported from a diatomite deposit in Florida (Metzeltin & Lange-Bertalot 2007) . In addition to fossil deposits at Bemis Lake and Cherryfield in northeastern USA, E. subspicula also occurs as a member of the recent Table 2 continued.
eschweizerbart_xxx flora in western North America (Table 2 ) and, surprisingly, in the Okavango Delta of Botswana (Krammer 1997b) .
Kurtkrammeria frequentis is known from various black water rivers and laguna in the Amazon region of South America (Krammer 1997b , Metzeltin & Lange-Bertalot 1998 , Vouilloud et al. 2010 ) and as a fossil in Ehrenberg material from Cayenne, Guyana, where it was reported as Cymbella aequalis (Reichardt 1995 , and low chlorophyll a content. These rivers are in a remote, undeveloped, and seldom visited area of the Amazon Basin. As a rule, habitats that support extant populations of Kurtkrammeria species represent minimally-impaired reference conditions for the regions in which they occur.
Species of Encyonopsis are also found in similar habitats, but as a whole this genus has a much broader ecological amplitude (Krammer 1997b , Van de Vijver et al. 2009 , 2012 Bahls 2013) . Perhaps the most frequently reported species of Encyonopsis is E. microcephala. Although there have been problems with the identification of this species and it is often confused with similar taxa, it is generally regarded as a cosmopolitan alkaliphil that can tolerate moderate concentrations of salt (Patrick & Reimer 1975 , Krammer & Lange-Bertalot 1986 , Krammer 1997b . Van Dam et al. (1994) classify E. microcephala sensu lato as alkaliphilous and meso-eutraphentic, and report it from fresh to brackish waters.
Species of Kurtkrammeria have a unique set of features that distinguishes the genus from Cymbella, Encyonema, Encyonopsis, and Gomphonema. The plastids, raphe system, and striae structure of Kurtkrammeria species are most like those of Encyonema. But Encyonema species have distinct dorsiventrality and they are not known to produce apical pore fields (APFs) or stigmata (Round et al. 1990 ). Species of Encyonopsis sensu stricto have different stria and raphe structure and do not have APFs. Cymbella species have APFs, but they have a different raphe system and stigmata on the ventral (not dorsal) side of the central nodule (Round et al. 1990 ). Some species of Kurtkrammeria with a stigma and more widely spaced central striae (e.g., K. frequentis, K. weilandii) bear a superficial resemblance to species of Gomphonema that have a slightly dorsiventral aspect (e.g., G. hebridense Gregory, Lange-Bertalot & Metzeltin 1996, p. 246, Figs 18-25) . But in Kurtkrammeria species the raphe branches are of equal length and the valves are symmetric with respect to the transapical axis. When Kurtkrammeria species produce APFs, they are at both poles, not just on one as in Gomphonema.
The nature, function, and phylogenetic significance of APFs in Kurtkrammeria species are unknown. Kurtkrammeria frequentis (Vouilloud et al. 2010, Figs 30, 33) and K. stodderi (Fig. 75) exhibit the most highly developed APFs among Kurtkrammeria species. Since motility has been observed in cells of K. stodderi, these APFs apparently are not involved in producing stalks but they may function somehow in motility. Other Kurtkrammeria species with less well developed APFs (K. aequalis, K. lacusglacialis, and K. weilandii) also have internal anastomosing costae at both poles (Figs 36, 47, 116) . Externally and internally, these APFs are quite unlike those in Cymbella and Gomphonema. It is unclear whether they represent primitive, simple or pseudo apical pore fields. It is also unclear whether the small round terminal foramina in Kurtkrammeria species are modified areolae, pores, poroids, or porelli.
Kurtkrammeria is a compact and morphologically distinct genus that is further defined by its ecologic preferences and geographic distribution. Where they occur, species of Kurtkrammeria may serve as indicators of minimally impaired conditions and may be used to monitor the environmental impact of human activities. There is considerable character variation within the genus, including variable development of APFs and stigmata, different levels of anastomosis of terminal internal costae, and a spectrum of internal areolar structure. Documentation of these structures may help to refine our understanding of phylogenetic relationships within the Cymbellales, a region of the diatom phylogeny that is garnering much recent attention and where several of the newly established groups that share characters with Kurtkrammeria, such as Encyonopsis, are severely under-sampled (Nakov et al. 2014) .
